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ABSTRACT

The management decision technique, currently in use, of determining
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priority of EIR evaluation is basically that of "feel and experience"
along with the "most pressure" applied from outside the responsible
organization.
The feasibility of a computerized management decision concept has
been studied at the lowest system with the objective of applying this
to the next higher systems and finally arriving at an overall system
value to obtain system priority.
This study develops the technology of operations research and the
associated computer techniques, delineates the problem and develops a
mathematical model to simulate this management decision technique.
Furthermore, it utilizes logical relationships of the dependent and
independent parameters and the system, and analyzes and interprets the
results to determine the EIR with the highest priority.
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I

INTRODUCTION
A.

ORIGIN OF THE PROBLEM
The U.S. Army Aviation Systems Command (AVSCOM), located at 12th

and Spruce Streets, St. Louis, Missouri, is a major subordinate command
reporting directly to the Army Materiel Command (AMC) which in turn
reports to the Department of the Army (DA).

The responsibility of

AVSCOM is total management for assigned aviation systems and items,
including all interfaces with other commodity commands [1].

Specifi-

cally, i t develops and provides worldwide aviation materiel and related
technical, professional guidance and assistance required for the support
of The Department of The Army Aviation Materiel and other U.S. and
foreign customers.

Once the materiel is procured or assigned, AVSCOM

plans and conducts new equipment training, special training, including
the training of foreign nationals.
In order to carry out its support mission AVSCOM establishes systems project offices with an Army Project Engineer for each aircraft
system.

The mission of the aircraft project offices are to provide the

engineering required to assure the integrity and reliability of fielded
Army aircraft and ground support equipment, armor systems, materials,
avionics and other installed systems [2].
One of the ways which the Army project engineer uses to determine
the problem areas and accomplish its assigned mission is through the
Army Integrated Equipment Record Maintenance Management System commonly
referred to in the Army as the TAERS System (Reference Appendix A).
The data feedback system currently is not completely satisfactory but
it is acceptable according to a recent study conducted by Mr. Leonard
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Bishop, Chief of the Independent Assessment Branch, Directorate for
Product Assurance, AVSCOM [3].

The unacceptable situation according

to the study is due to the fact that relatively little utilization
has been made of the data in the past.
Mr. Bishop's analysis revealed that it was not used effectively
because management techniques for the effective utilization of the
Army's Aviation Rotary-wing reliability and maintainability and inhouse data collection programs had not been adequately developed and
thus have not occupied a prominent place in the work of the Army
project engineer.

There has been two major reasons given for their re-

luctance to engage in this endeavor.

First, the apparently over-

whelming accumulation of myriad data, and formidable and tedious tasks
involved in understanding the stochastic techniques used for analysis.
Second, the Army project engineer did not have the resources to develop
these techniques as he was responsible for providing engineering support
to the fielded aircraft systems, providing contractual technical requirements, evaluating equipment improvement recommendations (EIR),
preparing technical studies, developing and evaluating both in-house
and contractor engineering change proposals (ECP), developing test
requirements for new and modified aircraft systems, developing product
improvement programs for assigned equipment and other functions too
numerous to mention (reference Appendix A for definitions and Appendix
B for detailed functions).
The aforementioned additional functions readily show why the Army
project engineer has made very little use of the TAERS data which has
been collecting since the inception of the Army's data collection program initiated in 1964.

The reluctance to utilize this accumulation
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of data has been further reinforced by the adverse and controversial
opinions surrounding the accuracy of the Army's in-house data and data
from the contractor's reliability and maintainability programs [3].
The opinions expressed were that the Army's data was not good
since it did not agree with the contractor's data program.

The

contractor's data was questionable because of invalid sample sizes,
the inability to monitor all the maintenance performed or because of
possible bias, since in most cases the aircraft manufacturers performed
their own monitoring and reporting in the field under contract to the
Army [3].
A combination of all the previously mentioned factors and lack of
manpower forced the project engineer to abandon the concept which the
Army's data collection system was designed to do and that was to provide the information necessary for effective decision making and direction in carrying out its mission and functions [3].
B.

SIGNIFICANCE OF THE RESEARCH
The Department of the Army has spent thousands of dollars on num-

erous reliability and maintainability programs with a resulting accumulation of myriad data and a questionable "fair return" on the Government's investment in these programs [3].
For example; since 1 May 1964, the Department of the Army has been
conducting a Reliability and Maintainability program, the UH-1/AH-1
R & M Program, (one of many) for one of its helicopter models, the
UH-lD, using a statistical approach.
To accomplish this the Army contracted a helicopter manufacturer
to monitor a sample of helicopters, using four field engineers, large
enough to insure an acceptably narrow confidence interval at the 95%
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confidence level.

This sample consisted of 40 helicopters being mon-

itored for 2,000 hours [4].
It was projected that probably over 80% of all failures would be
recorded, by placing contractor reliability engineers in the field for
the sole purpose of gathering failure and maintenance data on the 40
helicopters [5].

However, it was later determined that four field

engineers assigned to cover 40 helicopters in a combat environment
were not adequate, especially when helicopters and maintenance crews
were operating around the clock [3].
Furthermore, there was cannibalization of aircraft components
which could not be considered because they gave erroneous information
or no information at all.

In spite of all the shortcomings, reports

were generated with overwhelming failure data on seemingly insignificant
components which later proved to be very important findings.

The im-

portance of these findings was that seemingly insignificant problems
were "nickle and diming" the Army to insolvency, and the old axiom
that the "lowest priced component was the best for the Army" was in
fact not true [3].
The significance of these findings prompted the Army to begin
relying on its own data system and personnel, especially since the
Army had 2.4 million flight hours of data available for analysis as
compared to the contractor's samples of 67,000 flight hours [3].
The Reliability and Maintainability Management Improvement Techniques
(RAMMIT, Reference Appendix A) program was initiated the latter part
of 1968 when the Systems Engineering Directorate at AVSCOM was directed
by AVSCOM Commanding General, Major General John Norton, to evaluate
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an unsolicited proposal to modify aircraft systems currently in the
Army inventory.
C.

STATEMENT OF PROBLEM
The RAMMIT system was designed to process TAERS maintenance action

data and other data records available to AVSCOM for the purpose of presenting it as useful information that could be used as an aid in decision-making with regard to Army aircraft and support equipment.

RM1MIT

has been used in data gathering but management has not yet effectively
utilized this data.
D.

OBJECTIVE OF STUDY
The main purpose of this research is to develop a computerized

decision-making model which can be used with minimum modification
throughout the Department of the Army at all commands that utilize
input data from the field similar to the EIR's, the RAMMIT Program
and the contractor data collection programs.
E.

PROCEDURE OF STUDY
This thesis utilized the EIR's along with the RAMMIT data as a

specific case on which to base the development of this model.

It's

development is in fact a response to the Army's need for advanced
management methods, planning, programming and resource allocation at
the working levels of decision-making [3].

The model is intended to

determine the priority of work of an EIR or make a quantitative decision on some aircraft component problem in a specific project office
for a specific aircraft.
For example, a fully developed model of the type presented in
this thesis could have prevented some of the near catastrophic problems encountered with the outboard pylon installation (Reference
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Figure 11 on Page 64) during the early deployment of the world's
first attack helicopter [3].

It was discovered that there were many

problems involved with the AH-lG wing stores installation.

A seemingly

insignificant item like the sway brace pad (Reference Figure 11 on
Page 64) breaking appeared to be only a matter of a small engineering change to the items in stock and had affected only the reliability
of the weapons system.
was small.

The economic cost of replacing damaged pads

However, the high usage rate had seriously affected the

inventory and availability.

The old theme of the man who lost the bat-

tle for lack of a nail seemed to ring a similar chord [6].

Without

sway brace pads, the AH-lG helicopter was just a high-speed taxi [3].
A better decision-making process would have considered other
factors besides engineering and developed logical relationships among
the independent and dependent parameters such as availability for the
entire system.

These parameters would then have been analyzed, inter-

preted, and the optimum decision would have alerted, not only engineering, but the logistics group.

As it happened, the engineering decision

was made and the problem considered closed.

However, the inventory

and availability backlash caused a tremendous problem in the Army's
total aviation system that could have been catastrophic [3].
It should be noted that the underlying theme of this thesis is
development of a computerized model to make a quantitative decision and
not the processing or arrangement of good data.
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II
DESCRIPTION OF THE DECISION MODEL
The computerized model is fed information from EIR's concerning
the manufacturer's part number, quantity defective and time since new.
All other information is assumed to be constant or accessible at
AVSCOM.

This model calculates the various parameters - reliability,

availability, inventory and cost to live with the problem - associated
with the specific item of equipment, weighs and determines priority,
arranges and prints the most important EIR cases first, according
to their weight and in descending order.

In this way, the project

engineer is notified of what job is most important.

As new data is

put in the computer system, it updates the previous data, subsequently
giving the most important EIR case based on the latest criteria.

This

particular program reads in all EIR's each time an update is required.
This last procedure can be modified when put to actual use in an Army
installation, to store previously read and calculated data, either on
tape or on disk.

Furthermore, the program is structured to accommodate

additional parameters objectively and quantitatively merely by adding
more subroutines.
A.

OBJECTIVES AND GOALS OF THE COMPUTERIZED DECISION MODEL
The objective of this research is to develop a computerized model

which can be used throughout the Department of the Army at all commands
that utilize input data such as the Equipment Improvement Recommendations.
This computer program has initiated the goals for building and
encouraging system improvement and aid in management decision-making
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with specific application to Army aircraft and support equipment at
the project level.
Although the EIR's for the Army aircraft have been used to develop
the model, any input data can readily be modified to fit this model
and also all commands which have equipment which requires similar
management decisions, including private industry, will find this computerized management tool applicable.
B.

DEVELOPMENT OF THE MATH MODEL PARAMETERS
1.

GENERAL
The basic requirement of the Department of the Army is judi-

cious planning and efficient management of the support system (in contrast to field units) to provide adequate and timely resources for
equipment system support during its life cycle.

The reason for this is

to give better support to the field troops.
The requirement for this management tool is demanded by the increasing complexity and quantities of aircraft the Army has acquired.
The increased feedback data, on equipment operation, maintenance and
transportation, has become overwhelming in recent years, however it is
necessary in order to plan and manage the support system.

As stated

previously, the TAERS system was initiated in 1964 to supply a large
portion of this information.

However, the size and complexity of the

TAERS system soon overwhelmed the individuals and organizations that
had to utilize the voluminous data.

The need for an effective manage-

ment method for utilizing this tremendous input of data motivated the
author to develop the following math model.
2.

SELECTION OF A LIVE MODEL
The attack helicopter (AH-lG) system was selected and used as
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a live model to develop a math model.

The prime reason for this selec-

tion was because of the accessibility of the information.

One of the

first things that had to be defined was the helicopter system, its
subsystems and major components.

The following compose the AH-lG

helicopter system:
(Reference Figure 7)
a.

Airframe

b.

Alighting gear

c.

Power plant and related systems

d.

Rotor, transmission

e.

Hydraulic system, main

f.

Instruments and instrument panels

g.

Electrical system, main (AC-DC), panels

h.

Fuel System, lines, main

i.

Flight control systems

j.

Utility systems heating, anti-icing fire protection

k.

Avionics equipment

1.

Armament equipment

systems~

and clutch

The flight control systems (i. above) was selected and
finally, under this system the controls installation, anti-torque,
aft section or directional control (T/R) subsystem was determined to
be the lowest subsystem breakdown (Reference Figure 8 thru Figure 10).
This is comprised of the following major components:
(1)

Quadrant Assembly
Drawing No. 209-001-723-1

(2)

Cable Assembly Quadrant
Drawing No. 209-001-728-1
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(3)

Pulley
Drawing No. MS202202

(4)

Pulley Bracket
Drawing No. 209-001-724-1

(5)

Cable Assembly
Drawing No. 205-001-720-1

(6)

Bracket Pulley Assembly
Drawing No. 204-001-825-3

(7)

Silent Chain Assembly
Drawing No. 204-001-739-3

It should be pointed out that this subsystem happens to be a system
where all components are in series [7].

Before proceeding with the dis-

cussion of the overall model it is necessary to develop the concept of
each parameter used in this research.

These parameters are reliability,

availability, cost to live with the problem, and total annual inventory
cost.
3.

CONCEPT OF RELIABILITY [7]
a.

General

Reliability is an engineering design parameter in the same sense
that other product characteristics are design parameters.

For example,

the stress levels of a certain product.
Accordingly, the concepts and methods used for analysis, design
and testing of simple component systems reliability parallel those
used in arriving at other product characteristics.

This discussion

contains a description of the reliability analysis of systems subsystems
both in parallel and series and a combination of the two (mixed models).
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b.

Development [7]

Quantitative expression and measurement of reliability requires
an understanding of the concept of probability.

The paragraphs that

follow are intended to provide a brief but working knowledge of the
basic properties and laws of probability.
The definition of probability that an event will occur is the
portion of time the event will occur over a large number of trials.
To illustrate this definition let's consider an experiment using the
game of dice.

This game requires the player to throw two dice one

or more times until a decision has been reached as to whether he wins
or loses.

The point to be made here concerns the possible outcomes

and their probabilities.

The following example shows the possible

number and their probabilities assuming the two dice being used are
honest.
Number

- 2

3

4

5

6

7

Probability
of number

- 1

2

3

4

5

6

36

36 36 36 36 36

8

9

10

5

4

3

2

1

36 36

36

36

36

11

12

This shows that in a large number of tosses the probability of
getting a 2 would be 1 or in decimal .03. The probability of getting
36
7 is 6 or .167. Note that the sum of all the probabilities is equal
36
to 36 or one. The range of probabilities lie between zero and one. If
36
the probability is zero the event will not happen. However, in this
experiment an event may or may not happen in the ways shown above and
all of these ways are mutually exclusive and likely to occur according
to the probability shown.

In general, high frequency events will be

assigned probability value near 1.0 and low frequency events will be
assigned a probability value near zero.
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c.

PROBABILITY DISTRIBUTIONS [8]

Statistics is the collection, analysis and presentation of numerical data.

Numerical expression or reliability requires a basic

understanding of certain statistical methods.

There exists certain

characteristics which may be used to describe numerical data.

Basic

descriptive characteristics are central tendency, variability, and
shape of the data distribution.

Central tendency has to do with loca-

tion of the data on the measurement scale.
the dispersion of the data values.

Variability pertains to

Shape has to do with the pattern

of data variability.
The previous paragraphs briefly discussed the characteristics
of numerical data.

Knowledge of the distribution of the numerical

data provides the basis for reliability analysis.

Probability dis-

tributions describe the variability and other behavior of random
variables.

Each random variable has its own probability distri-

bution.
d.

THE DERIVATION OF THE GENERAL RELIABILITY FUNCTION [7]

Let
(1)

where
N0
Ns

=

Fixed number of components tested
Components surviving test

Nf = Components failed test
The reliability fraction can be defined as

(2)
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And the unreliability fraction can be defined as

Q (t)

(3)

=

It follows from the basic definition of probability that
R(t) = 1-Q(t)

(4)

Since
R(t)

+

Q(t)

=

1

It is now possible to use Equation 3 and Equation 4 to write
R(t) =

1 -

(5)

And differentiating Equation 5 with respect to time one obtains
1

dR
dt

-=

N

dNf
0

dt
dR

dNf

--=

dt

N

0

dt

Since
Nf = N0 - Ns
dNf

dt

d(N 0 -Ns)
=
dt

Or
dN

(6)

__...§..

dt

dt

Where Equation 6 represents the negative rate at which components
survive or the number of components failing in time interval dt (i.e.
between times t and t

+ dt).

Next divide both sides by N to obtain
s
1

N
s

N

dR

0
--=-----

dt
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Using equation (2) it is possible to write

N
N

_Q_=

s

1
R

The failure rate (A) can now be defined as
dR
dt

1

R

(7)

This, then is the general expression for the failure rate since
it applies to exponential as well as non-exponential reliabilities.
When specifying A as constant the exponential reliability
formula for constant failure rate results:
-

R (t)

=

A

e

t

=

e

t
-MTBF
--

(8)

where
t

=

Mission Time

MTBF = Mean Time Between Component Failures
e.

SYSTEM AND SUBSYSTEM RELIABILITY MODELS [7]

Certain reliability analyses involve calculating system reliability from subsystem or component reliability.
a brief explanation for computing reliability.

This section provides
The general procedure,

as contained in this thesis, is outlined in the following steps:
(1)

Construction of a reliability model as follows:
(a)

Define the components and subsystems and their relation-

ship to successful system performance.
(b)

Construct a block diagram which indicates the function

of each component or subsystem including redundancy considerations and their relationship to each other.
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(c)

Structure probabilistic models for computing system

reliability from component reliability.
(2)

Determination of the reliability of the basic components

or subsystems.
(3)

Computation of system reliability.

In the following paragraphs, some models will be presented as
examples for computing system reliability using block diagrams.

The

basic laws of probability will be utilized with independence assumed
of all components and/or subsystems.

It will also be assumed that

components with the same number will be identical and consequently
have the same reliability.

Discussion will begin with the series

model and be followed by the calculation of reliability for the
parallel model.
A series model can be used to describe a group of components
or subsystems when all must function properly for the system to
succeed.

A system consisting of a series arrangement of N campo-

nents is illustrated in block diagram form in Figure 1.

·~
FIGURE 1.

N

SERIES MODEL BLOCK DIAGRAM

System reliability for the entire system of N components can be
determined by using the multiplication law of probability to obtain
N

R
s

Rl

Rz . • • •

~ =

(9)

IT
i

=

1
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Where Rs is the reliability of the system, a parallel model can
be used to describe a system using redundant components such that
success is achieved so long as at least one component is operating
satisfactorily.

Such a configuration can be used to increase

system or subsystem reliability.

A parallel system of N component

(or subsystems) is illustrated in block diagram form in Figure 2.

I

1

I

2

J
I

3

I
I

I N
L
FIGURE 2.

PARALLEL MODEL BLOCK DIAGRAM

If the N components are identical with component reliability
R, the above model has a system reliability of

R = 1 - (1-R)N
s

(10)

It should be pointed out that once a parallel system has been
reduced to a single reliability number, it can be combined [7] with
the series form and subsequently handled as a series arrangement of
N components, as illustrated in the following example of a mixed model.
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Given the Mixed Model shown in Figure 3, it is possible to
determine system reliability by using equations (8), (9), (10).

FIGURE 3.

Rs

=

MIXED MODEL BLOCK DIAGRAM

Rl X R2 X R3 X R4 X R5

Where Rz is the reliability of the parallel system created by
the two components labeled

Rx

and R5 is the reliability of the

parallel system created by the two components labeled

Ry·

The

reliability of each subsystem is obtained by using the MTBF data
below and equations (8) and (10).
MTBF 1 = 100 Hours

"

X

= 200

II

"

3 = 300

II

II

4

400

II

II

y = 450

II

t
- MTBF
-

-I. t

=e

=e

Rl =e

-

3
--200
R

-.03

=e

.9704

(11)

.015

=e

= e

X

3
100

=

.9851

(12)

Using Equation (10) the reliability (R ) of the first parallel
2
subsystem can now be expressed as

R

2

=

1 -

(1 - .9851) 2
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R2

=1

-

(.0149)

2

=1

- .000222

=

.9998

(13)

Reliability of remaining components can be calculated in a similar
fashion.
3
300

- .01
= e

3
400

=

-

.9925

(15)

.9933

(16)

.0067

= e

(1 - Ry)N = 1 .000045

(14)

.0075

e

3
450

.9900

(1 - .9933) 2

(17)

.9999

It is now possible to express the reliability of entire system as

Rs = R1 X R2 X R3 X R4 X R5
Rs
Rs

4.

=

.9704 X .9998 X .9900 X .9925 X .9999

(18)

.9532

CONCEPT DEVELOPMENT OF AVAILABILITY
a.

GENERAL

Availability can have several definitions depending on the type
of performance specifications and system criteria.

It is also a

design parameter that can be measured after the system has been developed.
For example, a helicopter system has inherent, achieved, and
operational availability.

Inherent availability is defined as the

probability that when used under stated conditions in an ideal support
environment without consideration for preventive action, a system will
operate satisfactorily at any time.

Achieved availability is defined
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the same way except it considers preventative action.
tional availability is the "proof of the pudding."
teristic of the system developed.

Finally, opera-

It is the charac-

It includes the down-time of the

system which affects the decisions of the field commander when planning operations in a specific environment.

The several meanings of

availability just covered are not the subject of this thesis.

We are

interested here in only one parameter, achieved availability, to
develop the management computer tool.
b.

DEVELOPMENT OF THE ACHIEVED AVAILABILITY FORMULA [9]

The procedure of computing failure rate, and MTBF has already
been explained under concept development of reliability.

The mean-

time-between maintenance manhours (MTBM) depends on the MTBF (or the
failure rate) and the scheduled maintenance manhours as determined
from the preventive maintenance charts.
The general definition of availability is the fraction of the
total desired operating time period that the helicopter is flying.
Let
Aa

=MTBM
---MTBM

+

(19)

M

Where
MTBM
M

Mean Time Between Maintenance
Mean Down Time

Downtime

=

Scheduled Maintenance

+ Unscheduled Maintenance

Scheduled
Maintenance

= Total preventative maintenance manhours allocated

Unscheduled
Maintenance

= Total corrective maintenance manhours that have to

for every system operating hour.
be performed depending on the failure rate ( __
1 __ =A)
MTBF
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and also
A

a

Total Uptime
Total Desired operating time period

(20)

Figure 4. schematically illustrates this concept.

tl =

t2

Uptime

re

Uptime

Uptime

Total Desired Operating Time
FIGURE 4.

AVAILABILITY PROFILE

let
Total Uptime = t 1 + t 2 + t 3

=

t

(21)

Total Mean Time Between
Failures of Individual Items = m1 + m2 + m3 = m

(22)

Therefore, the unscheduled maintenance actions that have to be
performed for each flying hour is given by the following formula:
n

n
t
m

A .t
L: t
t
t
1.
= L:
-+-+ t = i=l m.
i=l
ml m2 m3
1.

(23)

As mentioned previously, the MTBF varies according to the component failure rate, consequently, all MTBF values for each item must
be statistically added.
From maintenance charts one can determine the time (T 1 ) it
takes to repair a system failure caused by a component.

Therefore,

the total average manhours required for corrective maintenance, including additional components, for each flying hour is given by:
n

n

L:

i=l

(24)
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Equation (24) represents the total average manhours to correct
a system fault.

Therefore, the total clock time (T 0 ) to repair an

item could be determined according to the manpower available and the
total average maintenance clock time (Tm) that will be expended for
each flying hour is given by
Tm

= Tp +

(25)

T0

where:
Tm

= Average

Tp

= Total

To

= Total

Total Maintenance Clock Time per
Helicopter Flying Hours (t), (Downtime).
Time Allocated to Scheduled Maintenance
per Helicopter Flying Hours (t)
Clock Time for Unscheduled Maintenance According
to Available Manpower per helicopter Flying Hours (t).

Therefore, the maximum fractional utilization ratio is
t

Tm+t

= Availability

= Total Uptime

Total Down Time
+ Total Uptime
= Total Uptime

A

Total Desired
Operating Time
Period
which is numerically the same as availability.
It follows that the achieved availability can be written as
Aa

5.

= .:..:MT=B=-=M~-
MTBM + M

TOTAL ANNUAL COST OF INVENTORY (TAC)
a.

[10]

GENERAL

The Department of the

Army~

like any other business, makes

repetitive procurement, storage, and stock replenishment decisions.
The number and kind of inventory items range from numerous fatigue
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caps to great numbers of helicopters, each helicopter composed of hundreds of components and thousands of individual parts.
The maintenance and control of the inventories that supply the
helicopter fleets when, where, and how they are required, is expensive both in dollars and time.

In a typical business, not having an

item may mean the loss of a customer, but for the Army it could mean
the loss of the "battle" [3].
Currently, the Army uses the basic fundamental concepts of inventory management, e.g., fixed order quantity, and periodic review.
Recently, the computer has been applied to inventory management and
promises to improve the design and operation of inventory control.
The total annual cost equation used in this model is a result of past
developments in the study of optimal policies for the holding of
inventories [10].
Actually, if the inventory system assumes the rate of demand
and lead time to be constant the optimum reorder point and optimum
order quantity could be determined rather easily which in turn would
give us the minimum total annual cost.

However, this is not the case

in real life, particularly in the military.

The rate of demand and

the lead time are relatively unstable, consequently, buying and stocking actions in the past have been made intuitively and sometimes
hastily to prevent stockouts.
b.

DEVELOPMENT [10]

The Total Annual Cost of Inventory equation used in this thesis
is as follows
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TAC

=

CPU X ROD X 12

+ (UHC X 12) X Q + RP-ROD

+ CPO X ROD X 12 +

X T

12

2
SOC X EDDLTR

Q

X ROD X 12
Q

where
TAC = Total Annual Cost
CPU

=

ROD
UHC

Q
RP

Rate of demand per month

=

SOC

Unit holding cost per month

= Optimum order quantity

=

T
CPO

Cost per unit

Reorder point
Leadtime

=

Cost per order
Stockout costs

EDDLTR = Expected demand during leadtime
greater than the reorder point
All of the aforementioned are self-explanatory, except for the
expected demand during leadtime greater than the reorder point (EDDLTR)
which will be discussed in the following paragraphs.
The rate of demand and the lead time are both uncertain.

The

optimum values of order quantity and reorder point can not be computed as in the case of inventories under certainty.

Therefore, the

expected demand during the lead time period is needed to determine
the expected shortage during this period.
A simple example is presented to illustrate this stochastic process more clearly.

Assume that demands and probability or frequency

of the demands for helicopter cables are as shown in Table I.

Also,
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assume that the lead time to obtain the aforementioned cables and the
probability of this lead time is as given in Table II.

TABLE I.

CABLE DEMANDS AND FREQUENCY OF OCCURRENCE

Weekly demand
(cables)

Probability of demand
(frequency)

10

.50

20

-~

30

.10

40

.05

TABLE II.

CABLE LEAD TIMES AND FREQUENCY OF OCCURRENCE
Probability of demand
(frequency)

Possible lead time
(weeks)

4

.20

8

.60

12

.20

It is shown in Table I that the greatest number of cables that
could be demanded in any week would be forty cables.

However, the

frequency or probability of these forty cables being demanded is only
.05.

The lowest number of cables that could be demanded is ten with

a strong probability of .50.
As an example:

individual probability that the lead time will

be four weeks and that a demand rate of ten cables per week will occur
on four consecutive weeks.

The individual probability that this will

occur is calculated as follows
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(.50)

4 X .20 = .0125

Another example:

The individual probability that the lead time

will be eight weeks and that a demand rate of ten cables per week will
occur on eight consecutive weeks is calculated as follows
(.50) 8 X .60

=

.002344

Table III summarizes the individual probabilities for a combined
probability of .014893 that 10 cables will be demanded during lead time.

TABLE III.

COMBINED PROBABILITY DISTRIBUTION

Weekly Period

Probability event might occur

4

(.50) 4 X .20

.012500

8

(.50) 8 X .60

.002344

12

(.50) 12 X.20

.000049

Combined probability that 10 cables will be
demanded during lead time

=

.014893

This then, is the basic concept behind the computerized model of
expected demand during lead time greater than the reorder point
(EDDLTR).
6.

CONCEPT DEVELOPMENT OF TOTAL ANNUAL COST TO LIVE WITH THE PROBLEM
a.

GENERAL

The total annual cost to live with the problem (CLIVE) is based
on having component failures and replacing these failed components
without taking any action to correct the cause of the problem.
b.

DEVELOPMENT

Development of an expression for the total annual cost to live
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with the problem can best be explained through use of a specific example.
The tail rotor cable was for many years replaced every 115 hours.
The unit cost of the cable was $26.00 including the cost of the maintenance manhours to replace it.

The cable was used not only on the

AH-lG helicopter, but many others in the Army inventory.
Therefore, the total annual cost to the Army to live with the
problem was the unit cost of each item multiplied by the number of
aircraft using it, times the yearly flight hours of the aircraft
fleet.

This relationship is expressed by the following

CLIVE = YFHOAC x CPU
MTBF
where:
CLIVE
YFHOAC
CPU
MTBF
c.

=

Cost to live with the problem
Yearly flight hours of the aircraft fleet
Cost per unit
Mean time between failures

SUMMARY DESCRIPTION OF THE DECISION MODEL

The development and knowledge of each parameter by itself
is of no use to the project engineer except in a limited way.
Total visibility is desired according to the most basic managerial
concepts.

To obtain this total visibility the decision model must

be able to weigh each parameter according to some pre-determined
standard and then weigh it in total according to each parameter's
weight relationship to each other.

Subsequently, any decision of

reliability, availability, total annual cost of inventory and total
annual cost to live with the problem must be an optimum decision
apportioned by the decision model.
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III
DESIGNING THE DECISION MODEL
A.

SELECTION OF A BASIC SYSTEM
The subsystem selected as a case about which to develop the

computerized decision model is part of the world's first attack helicopter (AH-lG) system.

As mentioned under section II, B., 2.

(selec-

tion of a live model) the tail rotor subsystem was determined to be
the lowest system break-down comprised of the major components shown
in Figures 8 thru 10.

Furthermore, the system was determined to be

in series which is a condition where a group of components are arranged
such that all must function properly for the system to succeed.
Another important factor in selecting this system was the historical
data available from the field units both through the contractor field
representatives and the government TAERS system.
B.

SELECTION OF SIGNIFICANT PARAMETERS
Reliability and availability are considered to be important factors

to consider when making decisions pertaining to maintenance activities
according to Army Regulation 705-50 titled Army Materiel Reliability
and Maintainability and dated January 8, 1968.
Reliability is an important parameter because it gives the system's
expected length of life under mission conditions.

Availability is a

measure of dependability, supply, and maintenance systems.

The total

annual inventory cost is considered important by the Army because it
encourages conservation of materiel which encompasses preventive maintenance, recovery of economically reparable materiel, repair and salvage
and the safeguarding and care of fuel, weapons, and all other germane
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aviation materiel.

Aside from the supply economy and discipline, the

most important and costly item making up TAC, in terms of national
security, are stockout costs.

This simply can not occur, for to do

so would be catastrophic.
The total annual cost to live with the problem is also a very
strong indication of what it is costing the Army just to do nothing.
This particular concept was illustrated in a briefing to the Office of
the Director of Defense Research and Engineering, Department of Defense,
on August 19, 1969 [11].

One of the components in question was the

cable assemblies (Reference components 2 and 5 in Figure 8 and 9).
Table IV shows that the cost to live with the problem for components 2 and 5 was $5180.35 and $22424.77 respectively for a total of
$27605.12 per year.
TABLE IV. RESULTS OF TOTAL ANNUAL COST
TO LIVE WITH PROBLEH
YFHOAC
MTBF

X $CPU

1

356724
infinite

X N/A

0

2

356 724
426.2

X 6.19

$5180.35

3

356 724
100

X 23.43

83580.43

4

356 724
infinite

X N/A

0

5

356 724
148.4

X 9.33

22424.77

6

356724
1141

X 18.03

5636.9 3

7

356724
210

X 14.76

25072.60

COMPONENT

= $CLIVE
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C.

SELECTION OF A COMPARISON TECHNIQUE
The selection technique was based on assigning weight values to

the parameter values falling in certain ranges that correspond to
minimum Army requirement.
mums are usually above .90.

For example, reliability contractual miniThe four ranges shown in Table VI were

arbitrarily selected by the writer based on experience.
Availability ranges and weight assignments were similarly selected.
Total annual cost of inventory and total annual cost to live with the
problem were selected according to AVSCOM's procurement review board
dollar breakdown.

For example, a board of awards reviews proposed

contractual instruments ranging above $25,000.00 etc.

The reason for

different ranges between TAC and CLIVE is because TAC includes different
fleets and CLIVE is referring to a single helicopter fleet replacement
part or component.
D.

EXAMPLE
The following example will show the type of problem that can be

solved and expedited by the decision model.
Suppose that one just received some routine EIRs from the
field units and it is determined that they are all part of the aft
section, tail rotor installation system as shown in Figures 8 thru 10.
After the EIRs have been assigned a case number (same component file
but different aircraft), the objective is to determine which EIR
should be evaluated relative to the impact it has on the parameters
reliability, availability, total annual cost of inventory, and total
annual cost to live with the problem.

Table V gives the input data

for this problem and the components making up this basic system.
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It should be pointed out that the source of the data is from actual
EIR field reports and the US Army Aviation Systems Command at St. Louis,
Missouri.
TABLE V INPUT DATA FOR TYPICAL PROBLEM
COMPONENT
NUMBER

MTBF

1

MTBM

DOWN
TIME

RATE OF
DEMAND

YFHOAC

TUF

0

0

356724

*

*

$CPU

ORDER
QTY

0

N/A

N/A

2

426.2

426.2

2.5

121.2

356724

16

6.19

1000

3

100

100

2.0

3.1

356724

5

23.43

1000

4

*

*

0

0

356724

0

N/A

N/A

9.33

1500

5

148.4

148.4

2.0

143.1

356724

239

6

1141

1141

2.0

95.4

356724

3

18.03

8000

7

210

210

2.0

224.3

356724

4

14.76

5000

*No Reports of Failure.
Beginning with the reliability parameter one determines that it
is in series.

Therefore, using the exponential formula and the data

given in Table V the reliability of the seven components in the system
is computed as shown:

NOTE:

t =

-3
infinity
1

- 3
4-:::-2-:-6-.-::-2.9930
- 3
100
.9704

Mission time of 3 hours
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- -=3-=-:----:--infinity

1.0000

-3
148.4
= .9800

R5 = e

-3
1141
= .9974

R6 = e

-3
210
R7 = e

=

.9858

It should be pointed out that the reason components 1 and 4 are
assumed having an infinite value is because no failures were ever
reported for these components.

Consequently, their reliability was

assumed as 1.
Having determined the reliability of each component, a weight
value is assigned according to pre-selected weight values as shown in
Table VI for different intervals of reliability.
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TABLE VI PRE-SELECTED PARAMETER WEIGHT VALUES
PARAMETER

Reliability

Availability

Total Annual
Cost of Inventory

RANGE

o-.2s

1.0

.25-.50

.75

.50-.90

.25

.90-1.0

0

o-.1o

1.0

.10-.20

• 75

• 20-.30

.50

• 30-1.0

.25

0-250K

.10

$250K-$500K

Total Annual Cost
to Live With The
Problem

ASSIGNED NUMERICAL
WEIGHT VALUE

.25

$500K-$750K

.50

$750K-$1M

• 75

0-$125K

.15

125K-250K

. 35

250K-375K

.55

375K-500K

. 75

Secondly, the EIR (having been evaluated within its own case and
its MTBF up-dated) is evaluated relative to availability.

As mentioned

earlier the MTBM is the mean time between maintenance actions (scheduled) and unscheduled maintenance, which is obtained from the Army
maintenance charts and deduced from the failure rate reported.
Using the data in Table V and the achieved availability formula
described earlier, we have the results as shown in Table VII.
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TABLE VII
COMPONENT

AVAILABILITY RESULTS

MTBM/(MTBM

+ M)

1

No Failures Reported

2

426.2/(426.2

3

100/(100

4

No Failures Reported

5

148.4/(148.4

6

1141/(1141

7

210/(210

Aa

1.0

+ 2.5)

.9942

+ 2.0)

.9804
1.0

+ 2.0)

+ 2.0)

+ 2.0)

.9867
=

.9983
.9906

Next the availability of each component is assigned a weight
value according to the weight assignment values indicated in Table VI.
Thirdly, the total annual inventory cost is calculated from the
data given in Table V and data arbitrarily selected to develop the
model and substituting into the TAC equation, subsequently assigning
weight values according to the dollar value shown in Table VI.
Finally, the results of the total annual cost to live with the
problem using the data from Table V is shown in Table IV.
cost is also assigned weight values according to Table VI.

This dollar
The afore-

mentioned weight assignment technique is summarized in Table VIII.

Hav-

ing assigned weight values as shown in Table VIII, the computer program
rearranges and reassigns a new sequence number according to the
largest numerical weight value, resulting in the EIR with the highest
priority.

These results are shown in Table IX which correspond to the

computer printout.
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TABLE VIII

ASSIGNED WEIGHT VALUES FOR SYSTEM COMPONENTS

COMPONENT

RELIABILITY

AVAIL

TAC

CLIVE

1

*

*

*

*

2

0

.25

.50

.15

.90

3

0

.25

.10

.15

.50

4

*

*

*

*

5

0

.25

• 75

.15

1.15

6

0

.25

.10

.15

.50

7

0

.25

.25

.15

.65

TOTAL WEIGHT
*

*

*No Failures Reported.

TABLE IX

EIR PRIORITY RESULTS

SEQ

RELlA

AVAIL

INVENTORY
$ COST

1

.9800

.9867

2

.9930

3

COST TO LIVE
W/PROBLEM

WEIGHT

1177145.00

22424.77

1.15

.9942

594878.31

5180.35

0.90

.9858

.9906

445055.69

25072.59

0.65

4

.9704

.9804

6823.10

83580.38

0.50

5

.9974

.9983

154968.56

5636.92

0.50

It should be noted that the only columns shown in Table IX are the
new sequence number, the four parameters and the total weights from
Table VIII.

Components one and four are not considered because no

failures were reported (for the computer printout in its entirety,
refer to Appendix D).
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IV
SUMMARY AND CONCLUSIONS
The management decision technique currently in use by the Army's
aviation project engineers to determine which Equipment Improvement
Recommendation or EIR case should be evaluated first, has been
studied and a computer program designed to perform this function.
Four significant parameters - reliability, availability, total annual
inventory cost, and total annual cost to live with the problem - have
been developed and used to accomplish this.

The objective of the

thesis is to computerize the manual and mental process and evaluation
of the EIRs relative to the four parameters and arrive at the decision
as to which EIR has the highest priority.
The computer model performs this task by receiving, processing,
and evaluating all the failure data reported for each component or
EIR case.

Additionally, given values are put in from AVSCOM concern-

ing mean down time, cost per unit, rate of demand per month, unit
holding cost per month, optimum order quantity, reorder point, leadtime, cost per order, stockout costs, expected demand during leadtime
greater than the reorder point, and the yearly flight hours of the
aircraft fleet.

The computer begins its procedure with the required

input just mentioned and calls the four subroutines.

First, subroutine

MTBFRE calculates the reliability in series parallel or mixed mode.
In the thesis example, a subsystem was selected ,,rhich is composed
of seven components all in series.

The reliability for each component

is calculated, weighed according to its pre-selected weight assignment
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values, assigned a weight value, and stored.

Next, the second sub-

routine AVAIL is called and it calculates the availability factor for
each of the seven components, it's assigned a weight value in the same
manner as above, and this is stored.

Subroutines INVENT and COST LV

calculate the dollar cost of the total annual inventory and total
annual cost to live with the problem respectively for each of the
seven components.

A weight value is assigned according to its dollar

cost and these two are also stored.

After all the EIR cases have been

evaluated in the subsystem and a weight value assigned by each subroutine, the main computer program rearranges and reassigns a new
sequence number according to the largest numerical weight value,
resulting in the component with the highest priority.

Subsequently,

the computer prints out the new sequence number, project file number,
component number in the subsystem, the four parameter values, and the
sum total weight of each individual parameter for each component in
the subsystem.
The management technique for determining the priority of the
Army's EIR evaluation has been duplicated by the computer.

The

advantages of the model are numerous and of tantamount significance.
One advantage is its aid in processing and considering a large number
of EIRs quantitatively.

Total evaluation and visibility are obtained

by being able to evaluate all EIRs relative to significant parameters
versus conjecture and circumstantial pressures.
This thesis develops a decision model which can perform operations expediently but not necessarily expeditiously.

Future work in

37

this area can be directed at refining this model and developing a
computer program to take collection of numerical input data, analyze
and present its central tendency, variability and shape of the data
distribution graphically.

Currently, the probability distribution

being used for all incoming data is the exponential distribution.
However, each random variable has its own distribution and currently
no method has been implemented for determining which distribution
actually describes the input data.

Using the proper probability

distribution would significantly increase the proper use of field
input.

Another area of endeavor would be adding more subroutines

(i.e., safety-of-flight parameter), in fact any parameter which the
manager feels should be considered.

The fruits of this program can

readily be appreciated but the effort is only the "genesis" when
compared to its real potential.
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V

APPENDICES

APPENDIX A
DEFINITIONS
BREAKOUT PROGRAM - Provides a formal, systemized program effort of
technical analysis of replenishment of repair parts.

This is a

technical analysis designed to produce factual evidence which will
assist the contracting officer in selecting the method of procurement which will serve the best interests of the government, with
full consideration of actual item environment.

In short, the

competitive procurement of an item previously purchased from the
system prime contractor noncompetitively.
CLASS I ENGINEERING DESIGN CHANGES - Changes submitted for government
approval and required to correct deficiencies change in operational or logistics support requirements, effect substantial
life-cycle cost saving, or prevent slippage in an approved production schedule.
CLASS II ENGINEERING DESIGN CHANGES - Does not fall in class I.
Examples of a class II change are:

change in documentation

(e.g., correction of errors, addition of classifying notes or
views) or a change in hardware (e.g. substitution of an alternate material) which does not affect any factor listed in class
I criteria.
CONCEPT FORMULATION - Describes experimental test, engineering and
analytical studies and other activities which precede engineering development or operational system development and provide
technical, economic, and military bases for a decision to initiate development of the item or system.
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CONTRACT DEFINITION - First step in the development phase during which
preliminary design and engineering are verified or accomplished,
and firm contract and management planning are performed.
EQUIPMENT IMPROVEMENT

RECO~ffiNDATION

(EIR) - The Department of Army

Form 2407 is used to request maintenance support by organization
maintenance or any maintenance activity from a higher level maintenance activity.

It may be used for a specific item or more than

one end item, or component of the same make, model and federal
stock number.

The EIR form contains a control serial number, the

organization initiating the request, location of the field unit,
item serial number, technical manual number, time since the last
overhaul, time since new, quantity defective, circumstances prior
to difficulty, description of difficulty, cause, the action taken,
the recommendation and finally, the priority of the EIR as determined by the writer of the EIR e.g., emergency, urgent, routine.
INVITATION FOR BIDS - Mailed to a sufficient number of prospective bidders so as to elicit adequate competition.
PROCUREMENT PACKAGES - Consist of a statement of work, fund citation,
data requirements, and sole source justification.
RAMMIT PROGRAM - The Reliability and Maintainability Management Improvement Techniques is comprised of a series of computer aided
analysis in technical report form of the reliability and maintainability characteristics of fielded aircraft equipment based primarily upon data from TAERS and other major Army data collection
systems.
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REQUEST_ FOR PROPOSALS - Generally in writing, however, in appropriate
cases may be solicited orally.

Solicitations contain the infor-

mation necessary to enable a prospective offeror or quater to
prepare a proposal or quotation properly.
SAFETY-OF-FLIGHT-MESSAGES - An electrically transmitted message relating to flight operating limitations, grounding of aircraft, onetime inspection and advisory data.
THE ARMY INTEGRATED EQUIPMENT RECORD MAINTENANCE MANAGEMENT SYSTEM
(TAERS) -

Army equipment record procedures based upon the concept of

recording essential data concerning equipment operation and maintenance.

Essential information is collected, processed, and

analyzed to facilitate management of the maintenance effort and
to cross-feed information to all sections of the command whose
activities may be influenced by these data.
TIME BETWEEN OVERHAUL (TBO) - The maximum allowable operating time
(expressed in hours) after which it is mandatory that the component be removed from the aircraft and replaced.
TYPE CLASSIFICATION - Provides the basis upon which to judge the current qualitative adequacy of Army materiel to record the status
of an item in relation to its overall life history; and to plan
and carry out its procurement, issue, maintenance, and disposal,
e.g., Standard "A" type classification is an acceptable item
which will fill an operational requirement which is being produced
in quantity or could be produced to fill shortages.
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APPENDIX B
DETAILED PROJECT ENGINEER'S FUNCTIONS
1.

Providing engineering support for fielded aircraft systems,

subsystems and components.
2.

Determining the need for aircraft grounding actions providing

the necessary engineering instruction to accomplish inspection and
corrective action and preparing for issue and coordinating Safetyof-Flight messages.
3.

Providing engineering determinations for preparation of Request

for proposals, Invitation for Bids, procurement packages, contracts
and contract changes related to product qualification, production,
maintenance and quality assurance.
4.

Evaluating Equipment Improvement Recommendations (EIR) and

similar reports indicating the need for product improvement and
initiating corrective action where required.
5.

Preparing technical studies and making engineering determina-

tions relating to reliability, maintainability, product improvement, etc.; developing and maintaining a reliability program for
the aircraft system, subsystems and components.
6.

Reviewing and approving engineering information for technical

publications.
7.

Developing Engineering Change Proposals (ECP) and value engineer-

ing proposals; approving or disapproving engineering adequacy of
contractor prepared ECP; providing engineering monitorship of
Class II design changes.

42

8.

Reviewing and evaluating technical adequacy and efficiency of

Army Materiel Command and Department of the Army proposed concepts,
techniques and/or projects.
9.

Participating in value engineering, breakout and cost reduction

programs during performance of assigned engineering functions.
10. Providing engineering data for type classification and standardization actions.
11. Analyzing solicited and unsolicited proposals and recommending
adoption or rejection.
12.

Developing detailed test requirements; reviewing and approving

test plans; as appropriate, participating in conduct of test and
evaluating test reports.
13.

Developing periodical input and revision to FM 101-20 Aircraft

Planning Manual (Classified).
14.

Developing product improvement programs for assigned equipment.

15. Performing evaluations, studies, and analyses, or other technical aspects for Army Aviation Concept Formulation and Contract
Definition efforts as team or group members when required.
16. Controlling and exercising engineering authority over the
revision of Time Between Overhaul (TBO).
17. Developing technical standards and procedures covering all
aspects of serviceability, operation and maintenance of equipment.
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APPENDIX C
GLOSSARY OF RELIABILITY
Active Downtime

That portion of time during which work is actually

being done on the system or equipment from the recognition of a
failure until the item is again operating at its specified performance level, after both preventive and corrective maintenance.

(See Downtime).

Administrative Downtime - That portion of time, other than active and
logistic downtime, during which work is not being done on the
system or equipment.

(See Downtime).

Availability - The probability that at any point in time the system
is either operating satisfactorily or ready to be placed in
operation on demand when used under stated conditions.
Availability, Achieved - The probability that a system or equipment
when used under stated conditions in an ideal support environment (i.e., available tools, parts, manpower, manuals, etc.)
shall operate satisfactorily at any given time.

Achieved Avail-

ability excludes Supply Downtime and Waiting Administrative
Downtime.

It may be expressed as:
MTBM
Achieved Availability = MTBM + M

Where MTBM = Mean Time Between Maintenance and ready time during
the same time interval, and
M

= Mean

active Maintenance Downtime resulting from both

preventive and corrective maintenance actions.
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Also defined as a statistical estimate of availability based on
actual demonstration under specified conditions.

The specified

conditions may be test conditions or operational conditions, but
the conditions must be clearly stated.
Corrective Maintenance - That maintenance performed on a nonscheduled
basis to restore equipment to a satisfactory condition by providing correction of a failure which has caused degradation to the
equipment below its specified performance.
Downtime - The total time during which the system is not in condition
to perform its intended function.

(Downtime can in turn be sub-

divided in the following categories:

Corrective maintenance

time, Preventive maintenance time, Logistic time, and Administrative time.)
Logistic Downtime - That portion of time of the downtime phase during
which work is not done on a system or equipment while waiting for
the needed item from the usual supply.

(See Downtime).

Mean Time Between Failures (MTBF) - The average or mean time between
failures of a repairable item, calculated from the total measured
operating time of a population of equipment divided by the total
number of failures.

The measured operating time of the equipment

of the population which did not fail must be included.

This

measurement is normally made during that period of time between
the early life and wearout failures.

In the case of exponentially

distributed time between failures, this ratio is the reciprocal of
failure rate.
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Mission - The specified purpose for which an item, or a system, is to
be used; can be one of a periodic series of performance tours, or
a single event.
Mission Reliability - The probability that, under stated conditions,
the system will operate in the mode for which it was designed
(i.e., with no malfunctions) for the duration of a mission, given
that it was operating in this mode at the beginning of the mission.
Mission Duration - The period of time, or number of cycles or operations
which a device must perform a specified mission task in a specified
environment.
Preventive Maintenance - Preventive maintenance is a procedure of inspecting, testing and reconditioning a product at regular intervals
according to specific instructions intended to prevent failures in
service or to retard deterioration.
Reliability - The probability that a device will perform its intended
function under the conditions for which it was designed for a
specified period of time.
Supply Downtime - The element of downtime during which a needed item
is being obtained from other than the designated organizational
stockrooms, part of the nonactive downtime.
System- Any combination of complete operational equipment, components,
accessories, or parts, interconnected or inter-related in such a
manner as to perform a specific operational function or functions.
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APPENDIX D
COMPUTER PROGR.M1 PRINTOUT
THE PURPOSE OF THIS PROJECT IS TO DEVELOP A MANAGEMENT TOOL WHICH
CAN BE USED THROUGHOUT THE DEPARTMENT OF ARMY AT ALL COMMANDS THAT
UTILIZE INPUT DATA FROM EQUIPMENT U1PROVEMENT RECOMMENDATIONS.
THIS AND THE ACCOMPANYING PROGRAM CALCULATES AND WEIGHS THE
VARIOUS PARAMETERS ASSOCIATED WITH A TYPE OF EQUIPMENT THEN PRINTS
THE MOST IMPORTANT CASE AT THE TOP WITH ITS RELATED DATA AND THE
LESSER IMPORTANT CASES FOLLOW IN WEIGHTED ORDER.
DEFINITION OF VARIABLES
A= AVAILABILITY
AA= NUMBER OF FAILED UNITS FOR AN INDIVIDUAL EIR
AVAIL= NAME OF SUBROUTINE TO COMPUTE AVAILABILITY
CASE = IDENTIFIER NillffiER FOR ALL EIR' S THAT IDENTIFY THE SM1E
COMPONENT
CLIVE= COST TO LIVE WITH THE PROBLEM
COST= NAME OF SUBROUTINE TO COMPUTE TOTAL ANNUAL COST OF INVENTORY
COSTLV= NAME OF SUBROUTINE TO COMPUTE TOTAL ANNUAL COST TO LIVE
WITH THE PROBLEM
CPO= COST PER ORDER
CPU= COST PER UNIT
EDDLTR= EXPECTED DEMAND DURING LEAD TIME > THAN THE REORDER POINT
EIR= EQUIPMENT IMPROVEMENT RECOMMENDATION, DA FORM 2407
ICN= COMPUTER CODE Nill1BER(EG. ,001)
II= STORAGE SPACE SIZE
L= DESIGNATOR OF EIR CASE FOR COMPUTER USE
M= MEAN ACTIVE DOWNTIME
MTBF= MEAN TIME BETWEEN FAILURES
MTBFRE= NAME OF SUBROUTINE TO COMPUTE MEAN TIME BETWEEN FAILURES
AND RELIABILITY
MTBM= MEAN TIME BETWEEN MAINTENANCE
P= NUMBER OF UNITS IN PARALLEL
Q= ORDER QUANTITY
R= RELIABILITY
ROD= RATE OF DEMAND
RP= REORDER POINT
SEQ= CHRONOLOGICAL ORDER OF CASES
SOC= STOCKOUT COST
T= LEAD TIME
TAC= TOTAL ANNUAL COST OF INVENTORY
TSN= TIME SINCE NEW
UF= NUMBER OF UNITS WHICH HAVE FAILED
UHC= UNIT HOLDING COST
YFHOAC= YEARLY FLIGHT HOURS OF AIRCRAFT FLEET
WT• NUMERICAL VALUE ASSIGNED TO CASE ACCORDING TO PARAMETERS
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THE MAIN PROGRAM STARTS HERE
EXPLICIT DECLARATION OF VARIABLES
REAL
M,MTBF
INTEGER SEQ,CASE,YFHOAC,UF, Q,RP,T,EDDLTR,AA,TSN,P
DIMENSION OF VARIABLES
DIMENSION UF(200),MTBF(200),TSN(200),R(200),WT(200),AA(200),M(200)
1,A(200),TAC(200),CPU(200),UHC(200),ICN(200), IRRAY(30),
2Q(200),RP(200),
ROD(200),T(200),SOC(200),EDDLTR(200),CASE
3(200),CLIVE(200),P(200)
INITIALIZATION DATA FOR ARRAYS
DATA TAC,CPU,WT,UHC,ROD,SOC,CLIVE,MTBF,R,M,A/2200*0.0/
DATA AA,UF,CASE,TSN,Q,RP,ICN,T,EDDLTR,P/2000*0/
INITIALIZATION DATA FOR EACH EIR CASE
DATA M(002),ROD(002),CPU(002),T(2),UHC(002),RP(002),SOC(002),Q(2),
2EDDLTR(2),P(2),ICN(2)/2.5,121.2,6.19,16,1.0,1,99999.9,1000,4,0,2/
DATA M(3),ROD(3),CPU(3),T(3),UHC(3),RP(4),SOC(4),Q(3),EDDLTR(3),
1P(3),ICN(3)/2.0,3.1,23.43,16,1.0,1,99999.9,1000,5,0,3/
DATA M(OOS),ROD(OOS),CPU(OOS),T(OOS),UHC(OOS),RP(OOS),SOC(OOS),
2Q(S),EDDLTR(S),P(S),ICN(5)/2.0,143.1,9.33,8,1.0,703,99999.9,1500,
310,0,5/
DATA M(6),ROD(6),CPU(6),T(6),UHC(6),RP(6),SOC(6),Q(6),EDDLTR(6),
1P(6),ICN(6)/2.0,95.4,18.03,13,1.0,142,99999.9,8000,6,0,6/
DATA M(7) ,ROD(7) ,CPU(7) ,T(7) ,illlC(7) ,RP(7) ,SOC(7) ,Q(7) ,EDDLTR(7),
1P(7),ICN(7)/2.0,224.3,14.76,13,1.0,117,99999.9,5000,7,0,7/
MISC. INITIALIZATION
CPO= 30.0
II= 200
LL= 0
YFHOAC= 356 724
ASSIGNMENT OF COMPUTER CODE NUMBER TO CASE NUMBER
CASE(001)=
CASE(002)=
CASE(003)=
CASE(004)=
CASE(OOS)=
CASE(006)=
CASE(007)=

2090017231
2090017281
0000202202
2090017241
2090017201
2040018253
2040017393
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PRINT OUT OF INPUT DATA HEADINGS
WRITE (3, 556)
556 FORMAT (T2, I L I , T16, I AA I ,T29, 1 TSN 1 , T45, I UF I , T71, 1 LL I ' T84'
1 1 MTBF' ,T101, 1 1 1 )
MM=O
THIS LOOP READS DATA; CALCULATES UF,MTBF; WRITES INPUT DATA,
AND MTBF

50
200

59

555
350
251
15

DO 251 1=1,200
READ(1,50,END=15) L
FORMAT (IS)
READ(1,200)AA(L),TSN(L)
FORMAT (13,16)
UF(L)=UF(L)+AA(L)
IF(LL.GT.O) GO TO 59
IF(L.GT.O) LL=L
CONTINUE
Z=UF(L)
MTBF(L)=((TSN(L)*AA(L))+(MTBF(L)*(UF(L)-AA(L))))/Z
WRITE(3,555)L,AA(L),TSN(L),UF(L),
LL,MTBF(L),I
FORMAT(T2,I3,T16,13,T29,16,T45,I3, T71,13,T84,F7.1,T101,13)
GO TO 350
CONTINUE
CONTINUE
CONTINUE
NN=I-2
JJ=NN+1
THIS LOOP CALLS SUBROUTINES FOR ALL CASE EVALUATIONS

DO 252 L=LL,JJ
IF (UF(L).EQ.O) GO TO 252
CALL MTBFRE(TSN,UF,MTBF,II,L,R,P,AA,WT)
MTBM = MTBF (L)
CALL AVAIL(MTBM,M,A,II,L,WT)
CALL INVENT(TAC,CPU,UHC,Q,RP,ROD,T,CPO,SOC,EDDLTR,II,WT,L)
CALL COSTLV(YFHOAC,CPU,MTBF,CLIVE,II,WT,L)
252 CONTINUE
THIS PART OF THE PROGRAM PUTS THE CASES IN WEIGHTED ORDER.
DO 500 L=LL,NN
K=NN+2-L
DO 500 J=2,K
IF(WT(J)-WT(J+1)) 2,500,500
2 !CASE = CASE(J)
CASE(J)= CASE (J+1)
CASE (J+1)= !CASE
IICN=ICN(J)
ICN(J)=ICN(J+1)
ICN(J+1)=IICN
AR = R(J)
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R(J)= R(J+1)
R(J+1) = AR
AAAA = A(J)
A(J) = A(J+1)
A(J+1)= AAAA
ATAC = TAC(J)
TAC(J)= TAC(J+1)
TAC(J+1)= ATAC
ACLIVE = CLIVE(J)
CLIVE(J)= CLIVE(J+1)
CLIVE(J+1)= ACLIVE
AMTBF = MTBF(J)
MTBF(J) = MTBF(J+1)
MTBF(J+1)= AMTBF
AM= M(J)
M(J)= M(J+1)
M(J+1)=AM
AROD = ROD(J)
ROD(J)=ROD(J+1)
ROD(J+1)= AROD
IUF = UF(J)
UF(J)= UF(J+1)
UF(J+1)=IUF
ACPU= CPU(J)
CPU(J)= CPU(J+1)
CPU(J+1)= ACPU
IQ = Q(J)
Q(J)= Q(J+1)
Q(J+1)=IQ
SAVE= WT(J)
WT(J)=WT(J+1)
WT(J+1)=SAVE
500 CONTINUE
PRINTS OUT TITLES OF TABULAR DATA
275 WRITE(3,100)
100 FORMAT ( I 1 I 'T2' I SEQ I 'T7' I PROJ FILE NO. I 'T22' I COMP I ' T28' I RELlA I '
2T34, 'AVAIL' ,T40, 'INVENTORY' ,T51, '$COST TO' ,T63, 'MTBF' ,T71, 'MTBM',
3T76' I ACTIVE I ' T86' 'ROD I ' T91, 'YFHOAC I ' T98, 'TOTAL I ,T107' I $CPU' ,T118'
4'0RDER' ,T125, 'WEIGHT',/ ,T22, 'NO. I '
T41, '$COST' ,T51,
5 'LIVE I ' T76' 'DOWN', T98, 'UNITS I , Tll6, 'QUANTITY I , I, T51' 'W/PROBLEM''
6T76,'TIME' ,T98,'FAILED')
NNN=NN+2
SEQ=O
THIS LOOP ASSIGNS SEQUENCE NUMBER AND PRINTS TABULAR DATA
DO 700 L=LL,NNN
IF( UF (L).EQ.O) GO TO 700
SEQ=SEQ+l
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WRITE(3,300)SEQ,CASE(L),ICN(L),R(L),A(L),TAC(L),CLIVE(L),MTBF(L),
2MTBM,M(L),ROD(L),YFHOAC,UF(L),CPU(L),Q(L),WT(L)
300 FORMAT(/,T2,I4,T8,IlO,T21,I5,T28,F5.4,T34,F5.4,T40,F10.2,T51,F10.2
2,T62,F7.1,T69,I6,T76,F4.1,T83,F7.1,T91,I6,T98,I5,T104,F9.2,Tll5,
3I6,T125,F6.2)
IF(R(L).EQ.O.O) GO TO 800
700 CONTINUE
800 CONTINUE
STOP
END
THIS SUBROUTINE COMPUTES THE RELIABILITY FOR EACH EIR CASE AND
ASSIGNS APPROPRIATE WEIGHT VALUES. IT WILL CALCULATE RELIABILITY FOR A SINGLE CASE, OR SEVERAL CASES IN PARALLEL.
FURTHERMORE MISSION TIME IS ASSUMED TO BE 3.0 HOURS.
SUBROUTINE MTBFRE(TSN,UF,MTBF,II,L,R,P,AA,WT)
INTEGER SEQ,CASE,YFHOAC,UF,Q,RP,T,EDDLTR,AA,TSN,P
REAL
M,MTBF
DIMENSION UF(II),MTBF(II),TSN(II),R(II),WT(II),AA(II),P(II)
R(L)= EXP(-(3./MTBF(L)))
IF(P(L).GT.1) GO TO 1
GO TO 2
1 R(L)= 1-(1-R(LO**P(L)
2 IF((R(L).GE.O.O).AND.(R(L).LE .. 25)) WT(L)=WT(L)+1.0
IF((R(L).GT .. 25).AND.(R(L).LE .• 50)) WT(L)=WT(L)+.75
IF((R(L).GT .• 50).AND.(R(L).LE •. 90))WT(L)=WT(L)+.25
RETURN
END
THIS SUBROUTINE COMPUTES THE ACHIEVED AVAILABILITY FOR EACH
EIR CASE AND ASSIGNS APPROPRIATE WEIGHT VALUES
SUBROUTINE AVAIL(MTBH,M,A,II,L,WT)
INTEGER SEQ,CASE,YFHOAC,UF, Q,RP,T,EDDLTR,AA,TSN
REAL
H,HTBF
DIMENSION M(II),A(II),WT(II)
A(L)=MTBH/(MTBM+M(L))
IF((A(L).GE.O.O).AND.(A(L).LE •. 1)) WT(L)=WT(L)+1.00
IF((A(L).GT.O.l).AND.(A(L).LE •. 2)) WT(L)=WT(L)+0.75
IF((A(L).GE.0.2).AND.(A(L) .LE •. 3)) WT(L)=WT(L)+0.50
IF(A(L).GT.0.3) WT(L)=WT(L)+0.25
RETURN
END
THIS SUBROUTINE CALCULATES THE TOTAL ANNUAL COST OF INVENTORY
OF AN EIR CASE AND ASSIGNS APPROPRIATE WEIGHT VALUES.
SUBROUTINE INVENT(TAC,CPU,UHC,Q,RP,ROD,T,CPO,SOC,EDDLTR,II,WT,L)
INTEGER SEQ,CASE,YFHOAC,UF, Q,RP,T,EDDLTR,AA,TSN
REAL
M,MrBF
DIMENSION TAC(II),CPU(II),UHC(II),Q(II),RP(II),ROD(II,T(II),
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SOC(II),EDDLTR(II),WT(II)
TAC(L)=CPU(L)*ROD(L)*l2+(UHC(L)*l2)*(Q(L)/2.+RP(L)-((ROD(L)*T(L))/
212))+CPO*((ROD(L)*l2)/Q(L))+SOC(L)*EDDLTR(L)*(ROD(L)*l2)/Q(L)
IF((TAC(L).GE.O.O).AND.(TAC(L).LE.250000.0))WT(L)=WT(L)+.1
IF((TAC(L).GT.250000.0).AND.(TAC(L).LE.SOOOOO.O))IVT(L)=WT(L)+.25
IF(TAC(L).GT.750000.0) WT(L)=WT(L)+.75
·RETURN
END
THIS SUBROUTINE COMPUTES THE TOTAL ANNUAL COST TO LIVE WITH
THE PROBLEM ASSOCIATED WITH THE EIR CASE AND ASSIGNS
APPROPRIATE WEIGHT VALUES

SUBROUTINE COSTLV(YFHOAC,CPU,MTBF,CLIVE,II,WT,L)
ItiTEGER SEQ,CASE,YFHOAC,UF, Q,RP,T,EDDLTR,AA,TSN
REAL
M,MTBF
DIMENSION CPU(II),MTBF(II),CLIVE(II),WT(II)
CLIVE(L)=(YTIIOAC/MTBF(L))*CPU(L)
IF((CLIVE(L).GE.O.O).AND.(CLIVE(L).LE. 125000.0))WT(L)=WT(L)+.15
IF((CLIVE(L).GT.125000.0).AND.(CLIVE(L).LE.250000.0))WT(L)=WT(L)+.
135
IF((CLIVE(L).GT.250000.0).AND.(CLIVE(L).LE.375000.0))WT(L)=WT(L)+.
155
IF(CLIVE(L).GT.375000.0) WT(L)=WT(L)+.75
RETURN
END
COMPUTER OUTPUT
SEQ

PROJ FILE NO.

COMP
NO.

RELlA

AVAIL

INVENTORY
$ COST

$COST TO
LIVE
W/PROBLEH

MTBF

1

2090017201

5

.9800

.9867

1177145.00

22424. 77

148.4

2

2090017281

2

.9930

.9942

594878.31

5180. 35

426.2

3

204001739 3

7

.9858

.9906

445055.69

25072.59

210.0

4

202202

3

.9704

.9804

6823.10

83580.38

100.0

5

2040018253

6

.9974

.9983

154968.56

5636.92

1141.0
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SEQ

MTBM

ACTIVE
DOWN
TIME

1

210

2

ROD

YFHOAC

2.0

143.1

356724

239

9.33

1500

1.15

210

2.5

121.2

356 724

16

6.19

1000

0.90

3

210

2.0

224.3

356724

4

14.76

5000

0.65

4

210

2.0

3.1

356 724

5

23.43

1000

0.50

5

210

2.0

95.4

356724

3

18.03

8000

0.50

TOTAL
UNITS
FAILED

$CPU

ORDER
QUANTITY

WEIGHT
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INPUT OF EIR CASES
EMERGENCY

- 24 HRS

URGENT - - - -48-HRS
ROUTINE

- 90 DAYS

DETERMINE MOST CRITICAL
NO

BY COMPARING TO OTHER
STORED EIR'S USING
COMPUTER TECHNIQUES

STORE FOR
STATISTICAL
PURPOSES
ENGINEERING
STAFF
SOLUTION
FIELDED
AIRCRAFT

Figure 5. EIR Flow Diagram
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EXPLICIT DECLARATION
OF VARIABLES

DIMENSION OF VARIABLES

INITIALIZATION DATA FOR ARRAYS

INITIALIZATION DATA FOR EACH
EIR

CASE

MISC. INITIALIZATION

ASSIGNMENT OF COMPUTER CODE
NUMBER TO CASE NUMBER

PRINTOUT OF INPUT DATA HEADINGS
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FIGURE 6.
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READ DATA
FOR CALCULATING
UF, MTBF, AND
WRITING INPUT
DATA
CALL SUBROUTINES
NO

FOR ALL CASE
EVALUATIONS

YES

I
CONTINUE

ARRANGES
CASES IN
WEIGHTED
ORDER

PRINT OUT TITLES
OF TABULAR DATA

ASSIGN SEQUENCE NUMBER
AND PRINT TABULAR DATA

FIGURE 6. (CONT'D)
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SUBROUTINE MTBFRE

EXPLICIT DECLARATION OF
VARIABLES

DIMENSION OF VARIABLES

CALCULATE RELIABILITY
FOR EACH CASE

ASSIGN WEIGHT
VALUES

RETURN

FIGURE 6. (CONT'D)
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SUBROUTINE AVAIL

EXPLICIT DECLARATION
OF VARIABLES

DIMENSION OF VARIABLES

CALCULATE AVAILABILITY
FOR EACH CASE

ASSIGN WEIGHT
VALUES

RETURN

FIGURE 6. (CONT'D)
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SUBROUTINE INVENT

EXPLICIT DECLARATION
OF VARIABLES

DIMENSION OF VARIABLES

CALCULATE TAC
FOR EACH CASE

ASSIGN WEIGHT
VALUES

RETURN

FIGURE 6. (CONT'D)
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SUBROUTINE COST LV

EXPLICIT DECLARATION
OF VARIABLES

DIMENSION OF VARIABLES

CALCULATE CLIVE
FOR EACH CASE

ASSIGN WEIGHT
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RETURN

FIGURE 6. (CONT'D)
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